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(57) ABSTRACT

A modular and adjustable backplane assembly for providing
a liber-optics backplane interface to a plurality of router
cards functioning as a data router 1s provided. The assembly
includes a first portion having a first array of connectors for
interfacing with a compatible array of second connectors
engaging speciiic ones of the router cards, and a second
portion having a second array of connectors for interfacing
with a compatible array of second connectors engaging
specific others of the router cards. The mechanics of the

assembly enable a moveable attachment with respect to the
first and second portions such that they may be positionally
adjusted during mounting, and wherein external data paths

are provided from individual ones of the connectors to
individual others of the connectors by fiber-optic conduc-
tors.

29 Claims, 3 Drawing Sheets
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ADJUSTABLE AND MODULAR BACKPLANE
ASSEMBLY FOR PROVIDING A FIBER-
OPTICS COMMUNICATION BACKPLANE

The present application 1s a continuation application of
application Ser. No. 09/920,566, now U.S. Pat. No. 6,533,
463 B2, which was filed on Jul. 31, 2001, and which 1s

incorporated 1n 1ts entirety.

FIELD OF THE INVENTION

The present mvention 1s 1n the field of backplane com-
munication and pertains more particularly to a fiber-optics
backplane for a scalable router.

BACKGROUND OF THE INVENTION

In the general state of the art of electrical and electronic
systems housed in cabinets (often termed chassis), there are
typically 1nputs and outputs to the system, facilitated by
connection of communication links of various sorts, over
which signals are received and sent. There are also numer-
ous sifuations wherein groups of components 1n a chassis
have to be connected to and communicate with other groups
of components intemally. Data routers in packet networks,
such as the well-known Internet, are a good example. In
description 1n this specification a data router 1s used as a
specific example of such a situation, and the present inven-
fion 1n several aspects 1s applicable to such routers.

Transmission of network data tratfic 1s accomplished with
the use of data routers as introduced above. A physical data
routing machine typically consists of a processing unit or
multiple units which are housed 1n a chassis and which
communicate with each other and with other data routing
machines.

In prior art, one method for achieving communication
between processing units in a single chassis, such as 1n a data
router, involves the use of an electrical backplane. When
communication between multiple chassis 1s required, the
clectrical backplanes of the chassis have been connected by
cables. The electrical backplane 1s commonly 1implemented
as a printed circuit board assembly which provides electrical
connectivity between processing units.

Noting that 1t may sometimes be desirable to communi-
cate at backplane level between elements that are not closely
physically associated, such as between elements that may be
mounted 1n separate physical electronic cabinets, there 1s a
potential problem with electrical backplanes. When an elec-
trical signal 1s transmitted over relatively long distances, for
example, deterioration of the signal may occur for any of
several reasons. For example, longer signal paths necessarily
present additional resistance. Also, longer paths present
additional opportunity for interference. Therefore, 1n order
fo transmit clean signals in systems utilizing electrical
backplanes the elements 1n communication must be 1in
relatively close physical proximity to one another, such as in
the same cabinet.

Another drawback to electrical backplane boards 1s that
they are relatively difficult to service. One reason 1s that the
conductors for the electrical signals are typically patterned
on the board, and individual conductors (signal paths) can-
not be separately serviced In many cases the backplane
boards are also hardwired to other components. Because any
change or repair 1s normally via a replacement of the entire
backplane, the system containing the electrical backplane 1s
generally out of service during any backplane service.

What 1s clearly needed 1s an apparatus and method
enabling cleaner data signal transmission between router
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processing units while at the same time facilitating easier
manufacturing and off-line servicing of backplane assem-

blies.

SUMMARY OF THE INVENTION

In a preferred embodiment of the present mvention a
modular and adjustable backplane assembly to provide
backplane communication between a first signal interface to
a first set of components 1n a cabinet and a second signal
interface to second set of components 1n the same cabinet 1s
provided, comprising a {irst portion mounting a third signal
interface configured to engage the first signal interface, a
second portion mounting a fourth signal interface configured
to engage the second signal interface, an adjustment mecha-
nism allowing relative movement between the first and
second portions, thereby between the third and fourth signal
interfaces, while preserving the modularity of the backplane
assembly, and a signal conductor assembly engaging the
third and fourth signal interfaces to communicate signals
between the first set of components and the second set of
components.

In a preferred embodiment the cabinet houses elements of
a packet router, and the first and second sets of components
are router cards. In some embodiments the first and second
signal interfaces are groups of connectors for connecting
signal conductors to individual ones of the cards 1n the first
and second sets of router cards. Further, the first and second
signal interfaces may be first and second connectors to
printed circuit boards (PCBs) that are in turn connected to
the first and second set of components.

In some cases the third and fourth signal interfaces
comprise fiber-optic connectors, and the signal conductor
assembly comprises one or more fiber-optic fibers having
end-connectors for engaging the fiber-optic connectors. The
fibers may comprise one or more bundles, ribbons or cables.

In some cases the third and fourth signal interfaces
comprise electrical connectors, and the signal conductor
assembly comprises one or more cables of electrical con-
ductors having end connectors to engage the electrical
connectors. Also 1n some cases the signal conductor assem-
bly comprises a cable of electrical conductors having end-
connectors to engage the electrical connectors at the PCBs.

In some embodiments of the backplane assembly the
adjustment mechanism comprises telescopic engagement
clements allowing adjustment of separation between the first
and second portions. The re may further be a locking
mechanism for securing the telescoping first and second
portions after adjustment to engage the first and second
interfaces.

In other embodiments the adjustment mechanism further
comprises first locating elements in the immediate area of
cach of the first and second signal interfaces, and compatible
locating elements 1n the 1immediate area of the third and
fourth signal interfaces, to physically locate the first and
second portions 1n assembly to the cabinet to engage the first
and third and the second and fourth signal interfaces. The
locating elements may comprise male and female elements
for constraining engagement position.

In another aspect of the invention a method for connecting
a first signal interface connected to a first set of components
and a second signal interface connected to a second set of
components in a cabinet, comprising the steps of (a) pre-
paring a modular and adjustable backplane assembly com-
prising a {irst portion mounting a third signal interface
configured to engage the first signal interface, a second
portion mounting a fourth signal interface configured to
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engage the second signal interface, an adjustment mecha-
nism allowing relative movement between the first and
second portions, thereby between the third and fourth signal
interfaces, while preserving the modularity of the backplane
assembly, and a signal conductor assembly engaging the
third and fourth signal mterfaces to communicate signals
between the first set of components and the second set of
components; and (b) assembling the modular backplane
assembly to the cabinet, with the third signal interface
engaging the first, and the fourth signal interface engaging
the second, the adjustment mechanism allowing the third
and fourth signal interfaces to assume a proper separation
distance to accomplish engagement of the signal interfaces.

In some embodiments the cabinet houses elements of a

packet router, and the first and second sets of components
are router cards. In these embodiments the first and second

signal interfaces may be groups of connectors for connecting
signal conductors to individual ones of the cards in the first
and second sets of router cards. Also 1n some embodiments
the first and second signal interfaces may be first and second
connectors to printed circuit boards (PCBs) that are in turn
connected to the first and second set of components. Further,
in some embodiments the third and fourth signal interfaces
comprise fiber-optic connectors, and the signal conductor
assembly comprises one or more fiber-optic fibers having
end-connectors for engaging the fiber-optic connectors. The
fibers may comprise one or more bundles, ribbons or cables.
In some cases the third and fourth signal interfaces comprise
clectrical connectors, and the signal conductor assembly
comprises one or more cables of electrical conductors hav-
ing end connectors to engage the electrical connectors. Also
in some cases the signal conductor assembly comprises a
cable of electrical conductors having end-connectors to

engage the electrical connectors at the PCBs.

In some embodiments the adjustment mechanism com-
prises telescopic engagement elements allowing adjustment
of separation between the first and second portions, and
there may further be a locking mechanism for securing the
telescoping first and second portions after adjustment to
engage the first and second interfaces. In addition there may
be first locating elements 1n the immediate area of each of
the first and second signal interfaces, and compatible locat-
ing clements 1n the immediate area of the third and fourth
signal interfaces, to physically locate the first and second
portions 1n assembly to the cabinet to engage the first and
third and the second and fourth signal interfaces. The
locating elements may comprise male and female elements
for constraining engagement position.

In another aspect there may be a fifth signal interface
connected to one or both of the third and fourth signal
interfaces, the fifth signal mterface placed on the backplane
assembly to be accessible with the backplane assembly
mounted to the cabinet, to facilitate connection of the
backplane assembly to a second backplane assembly having
a fifth signal interface and assembled to a second cabinet,
thereby providing signal communication between compo-
nents 1n the first cabinet and the second cabinet. The fifth
signal mterface may be a connector for connecting one or
more signal conductors, and may comprise a fiber-opftic
connector compatible with a mating connector for one or
more fiber-optic fibers between the backplane assemblies.
The fiber-optic fibers can be 1n one or more ribbons or
cables.

In yet another embodiment the fifth signal interface 1s an
clectrical connector compatible with a mating connector of
an electrical cable between the backplane assemblies.

In embodiments of the invention taught in enabling detail
below, for the first time an adjustable cabinet backplane 1s
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provided to the art, in which regions of the backplane may
be positioned 1 assembly according to the positions of
clements of the cabinet to which the backplane 1s to be
assembled. Also for the first time an ability to interconnect
clements 1n each cabinet at the backplane level 1s provided.

DESCRIPTION OF THE DRAWING FIGURES

FIG. 1a 1s a perspective view of a backplane assembly
according to an embodiment of the present invention as seen
from a first vantage point.

FIG. 1b 1s a perspective view of a backplane assembly
according to an embodiment of the present invention as seen
from a second vantage point.

FIG. 2 15 a perspective view of the backplane assembly of
FIG. 1 shown disassembled.

FIG. 3 1s a block diagram illustrating the relationship
between the backplane assembly of FIGS. 1 and 2 to a main
router chassis according to an embodiment of the present
ivention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIGS. 1a and 1b are perspective views of a backplane
assembly 100 according to an embodiment of the present
invention as seen from two separate vantage points. Back-
plane assembly 100 comprises separate top and bottom
components or portions represented herein as components
105 and 106 that can be assembled together and whose
clearance tolerance from each other can be adjusted via a
telescopic or slidable method. Telescopic clearance 1s 1llus-
trated in this example by a bi-directional arrow labeled
Telescopic Clearance. Both components 105 and 106 mak-
ing up backplane 100 are, together, mounted to a back panel
illustrated heremn as back panel 101. Back panel 101 has
plurality of openings provided therein and adapted for
accepting fasteners as may be found 1n current art to secure
the connection of backplane assembly or backplane 100 to
a router chassis.

Referring now to FIG. 1b, backplane 100 has a plurality
of openings provided therein and adapted to house a plu-
rality of fabric card (FC) connectors 102. These connectors
comprise a communication signal interface to a set of fabric
cards. Connectors 102 are contained in portion 106 of
backplane assembly 100. Connectors 102 are, in this par-
ticular embodiment plastic plug-in connectors arranged 1n a
Cartesian array, which 1s designed to match the positions of
fabric card terminals of fabric cards housed 1n a card cage in
a data router chassis (not illustrated). Backplane 100 also has
a plurality of line card (LC) fiber-optics connectors 103
provided therein, that comprise another signal interface, this
time to line cards. Connectors 103 are arranged 1n the top
portion of backplane assembly 100. Like fabric-card con-
nectors 102, they are plastic plug-in connectors. Connectors
103 are arranged 1n a row matching the pattern of connectors
on line cards installed 1n a main router chassis.

The structure for backplane assembly 100 (portions 105
and 106) may be manufactured from aluminum, sheet metal,
or other durable material that may be formed and machined.
Similarly, panel 101 may be manufactured from aluminum
or other sheet metals.

In this example, backplane connections are implemented
using fiber optics ferrules well-known 1n the art. In other
embodiments of the invention the connectors on the signal
interfaces can be for electrical signals. Connector housings
102 and 103 function to mechanically house either the
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female or alternatively, the male ferrule. Each ferrule pre-
sents optic strands or fibers, which are strategically aligned
by the connection method so that data may be transmitted
between the strands. In actual practice 1n a preferred
embodiment, each connector housing (102, 103) contains 4
optics ferrules either male or female. Card terminals (not
shown) within a router chassis contain 4 ferrules, which
mate with the ferrules in connector housings 102 and 103. It
the ferrules on the router card terminals are male, then the
ferrules on the connector housings will be female.

Intercommunication between router cards then 1s facili-
tated by connectors 102 and 103 comprising an “optics
backplane”. Unlike a physical electrical backplane board of
prior art, fiber strands comprising communication paths
interconnect specific ferrules contained in the housings
enabling cross communication among cards housed in the
main router chassis. Similarly, ferrules provided in separate
router chassis may be connected by fiber-optics, enabling a
fabric card housed 1n one router chassis to communicate
with a similar card housed 1n a separate router chassis
essentially providing a scalable router. The implementation
of fiber-optic communication as a backplane enables mul-
tiple router chassis integrated by backplane communication
to form one router to be located much further apart than is
practical with prior-art electrical back-planing methods.

In the example of FIG. 1, backplane assembly 100 has 4
alignment openings 104 provided therein and adapted to
accept alignment pins or dowels (not shown) provided in a
main router chassis. Alignment openings 104 are strategi-
cally located in four strategic locations on the backplane
assembly 100, two on the top portion and two on the bottom
portion. Openings 104 are somewhat larger in diameter than
the corresponding diameter of alignment pins or dowels on
a router chassis. The oversizing enables acceptance of the
alignment pins of a router chassis without causing misalign-
ment of connectors.

As was described above, backplane assembly 100 1n this
example consists of two portions 105 and 106 that are
assembled together 1n a slidable fashion, providing an
adjustment mechanism, enabling both vertical and some
horizontal float. When back panel 101 1s completely
installed to backplane assembly 100, the slidable position
with respect to portions 105 and 106 of the assembly 1s
locked. The goal of telescopic capability as an adjustment
mechanism 1s to enable alignment openings 104 to be
conditionally tolerenced to fit over fixed alignment pins
housed 1n any main router chassis. It 1s noted herein that the
alignment pins 1n a router chassis are associated carefully to
the true position of fabric and line card connectors presented
for engaging connectors 102 and 103 respectively, such that
when backplane 100 1s adjusted for fit over the alignment
pins, all of the optics connections are aligned for plug-in.
The dimensional variance may change somewhat from chas-
sis to chassis. Therefore, provision of an adjustable back-
plane assembly provides modularity.

FIG. 2 1s a perspective view of the backplane assembly
100 of FIGS. 1a and b shown disassembled illustrating

separate components 105 and 106.

This disassembled view illustrates the mechanism of the
telescopic capability of backplane assembly 100. Compo-
nent or upper portion 105 houses connectors 103 while
component or lower portion 106 houses connectors 102.
Backplane assembly 100 is 1llustrated in this example with-
out back panel 101 of FIG. 1 1n order to reveal alignment
slots that enable telescopic adjustment. For example, lower
portion 106 has 3 alignment slots provided therein and
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labeled “hardware locations”. These alignment slots corre-
spond to a matching array (3) of alignment slots provided in
upper portion 105. Each alignment slot 1s elongated to
provide the vertical float adjustment described with refer-
ence to FIG. 1 above. Upper portion 105 may be manufac-
tured of such a width dimension so as to fit inside portion
106 or so as to fit over portion 106. The alignment slots are

adapted to {it around a common fastening hardware such as
bolts.

In one embodiment, metal inserts (not shown) may be
used to provide an adjustment mechanism at the location of
cach alignment slot. Such inserts are loosened to allow float
capability along the elongated slots until suitable match up
of alignment openings 104 (FIG. 1) with matching align-
ment pins on a router chassis 1s achieved. With alignment
accomplished, meaning that openings 104 are successtully
mated with corresponding alignment pins provided 1n a main
router chassis, the telescopic fasteners can be tightened
securing the aligned positioning and backpanel 101 (FIG. 1)
may then be 1nstalled.

FIG. 3 1s a block diagram 1illustrating the relationship of
backplane assembly 100 to a main router chassis 300
according to an embodiment of the present invention. Again,
the adjustable backplane assembly 1n various embodiments
may be for connection of elements 1n many sorts of cabinets
and systems, of which packet routers are a single example.

Main router chassis 300 houses a card cage 301. Card
cage 301 1s adapted to support a line card array 302 and a
fabric card array 306. It 1s noted herein that line cards 302
and fabric cards 306 of router chassis 300 are supported
within cage 301 1n a fashion similar to books being stacked
along side each other at equal spacing from each other. Each
card rests in a card slot (not illustrated). The card slots are
provided equally spaced from one another, the cards adapted
individually to {it snugly into a designated slot. It 1s also
noted herein that a comparatively few control cards (not
illustrated) are, in actual practice, included in line card array

302.

Exposed Fiber-optics connectors, illustrated herein as
fiber-optics connectors 303 (for line cards) and fiber-optics
connectors 304 (for fabric cards) are in true-position rela-
tionship with respect to one another when the cards are
installed 1 their respective slots. Fiber-optics connectors
304 and 303 {it easily through provided openings machined
into or provided 1n a separate piece like a grate that is
mounted onto main router chassis 300. It 1s noted herein that
the pattern of openings provided for fitting card terminals
there through has all mdividual openings oversized with
respect to inner dimensioning to accept the plastic connector
housings 1n a slip through fashion. However, the pattern of
openings provided on backplane 100 comprise individual
openings that are tightly-toleranced. Each line card and
fabric card has, in addition to fiber-optics connectors 304
and 303, connectors 305 to facilitate plug-in connection to
conventional electrical backplane boards, labeled as such,
which are installed in main chassis 300. It 1s noted herein
that electrical backplanes are still used in this example for
propagating error messaging and other such signals.

In various applications the backplane assembly may be
implemented as an electrical backplane or as a fiber-optic
backplane. However, fiber-optics 1s used 1n this example to
transmit information related to data packets from card to
card along with certain other message types. Fiber-optics FC
and LC connectors provided on housing 100 are analogous
to connectors 102 and 103 respectively of FIG. 1. In this
example one or more fiber-optics cables, represented by
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clement number 310, connect the upper and lower signal
interfaces (the fiber-optic connectors 102 and 103, see FIGS.
1a and b). This cable or cables are provided with sufficient
slack that the necessary adjustment can be made between the
upper and lower portions of the backplane assembly. In the

case of an electrical backplane this cable or cables comprise
cables of electrical conductors.

In one embodiment, especially useful m an electrical
backplane, separate PCBs may be mounted at the upper and
lower signal interfaces, and cable connection 310 1s accom-
plished between these PCBs. In this embodiment the con-
nection PCBs may be considered a part of signal interfaces

102 and 103.

When backplane assembly 100 1s in a loosened and
vertically-adjustable mode, alignment openings 104 (FIG. 1)
are placed over the alignment pins (not illustrated) of chassis
300. At this point line card connectors 103 (Optics (LC)) and
fabric card connectors 102 (Optics (FC) are in proper
alignment to be presented to line card connectors 303 and
fabric card connectors 304 respectively. Housing 100 fits to
chassis 300 generally 1n the direction of the illustrated
directional arrows.

Backplane assembly 100 has a built-in vertical clearance
arca designed to allow enough room for the router’s lower
clectrical board 305 when the optics backplane assembly
100 1s 1nstalled to chassis 300. This area 1s 1llustrated herein
by the arrows labeled Clearance for fitting over Electrical
Board. Also shown are cooling fans housed 1n the top and
bottom sections of the main router chassis 300. Cooling fans
are for dispersing heat generated by processing.

Removal of a Backplane Assembly

Referring now to FIG. 3, 1t 1s again noted herein that each
fabric card (306) and line card (302) fits into card cage 301
as previously described with respect to the main router
housing (300) so that the method of unplugging and discon-
necting a card from a mounted backplane assembly 1s to
simply pull the card out from 1its slot similar to removing a
modular PC card from a PC slot To remove the entire
backplane assembly 1tself from the router chassis, all of the
line cards and fabric cards are physically pulled from their
connections to the optics backplane assembly and can
remain aligned in their slots. Backpanel 101 (FIG. 1) is first
removed exposing the aligned iterface portion (“Hardware
Locations”, (FIG. 2) of backplane assembly 100. The fas-
teners connecting and tightening the alignment interfaces are
removed and backplane assembly 100 may be removed from

chassis 300.

In one embodiment the back panel does not have to be
removed from the backplane module. In this embodiment
strategic openings (not illustrated) are placed through the
wall of the back panel that allow access to the tightening
bolts around the alignment pins such that they may be
removed with, perhaps, a specially designed tool. In still
another embodiment, a portion of back panel 101 may be
hinged such that the portion swings open exposing align-
ment interfaces.

Installing a Backplane Assembly

Installation of a backplane assembly 1s essentially
reversed from removal. Referring back to FIG. 2 the tele-
scopic fasteners of the two-piece assembly are loosened to
provide float capability for aligning the alignment pins to the
alignment openings 104 of FIG. 1. Openings 104 are only
slightly oversize from the alignment pins and not enough to
cause miss-alignment of connectors as previously described.
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Once the alignment pins are engaged through openings 104
of assembly 100, then the alignment interfaces are tightened
and back panel 101 may be reinstalled. At this point the line
and fabric cards may be slid back into their slots and plugged
in using suitable force.

In one embodiment backpanel 101 is first removed expos-
ing the alignment interface portion of the backplane module.
The connecting and alignment fasteners are then loosed and
removed allowing the backplane module to be removed
from the main router chassis.

It will be apparent to the skilled artisan that there are a
variety of alterations that may be made to the embodiments
described herein without departing from the spirit and scope
of the mnvention. For example, in one embodiment, instead
of optics ferrules, other known fiber-optics connection
mechanisms may be ufilized to eifect backplane connec-
fions.

Providing an optics backplane that 1s modular and adjust-
able enables flexibility in maintenance 1n addition to
improved signal transmission. For example, 1if an optics
backplane assembly requires service or testing, a spare
backplane module may be fitted to the host chassis so that 1t
1s not out-of-service while 1t’s backplane assembly 1s being
serviced. The fiber connections may be simply removed and
re-routed as well enabling quick re-assignment of commu-
nication paths for card-to-card communication.

The present invention may be adapted to routers of same
or different manufacture. There are many possible embodi-
ments for providing specific and optimal backplane
schemes. The method and apparatus of the present invention
should be afforded the broadest scope under examination.
The spirit and scope of the present invention 1s limited only
by the language of the claims, which follow.

What 1s claimed 1s:

1. A modular and adjustable backplane assembly to pro-
vide backplane communication between a first signal inter-
face to a first set of components 1n a first cabinet and a
second signal interface to second set of components 1n a
second cabinet, comprising:

a first portion mounting a third signal interface configured
to engage the first signal interface in the first cabinet;

a second portion mounting a fourth signal interface con-
figured to engage the second signal interface in the
second cabinet;

an adjustment mechanism allowing relative movement
between the first and second portions, thereby between
the third and fourth signal iterfaces, while preserving,
the modularity of the backplane assembly; and

a signal conductor assembly engaging the third and fourth
signal mnterfaces to communicate signals between the
first set of components and the second set of compo-
nents.

2. The backplane assembly of claim 1 wherein one or both
of the cabinets house elements of a packet router, and the
first and second sets of components are router cards.

3. The backplane assembly of claim 2 wherein the first
and second signal interfaces are groups of connectors for
connecting sisal conductors to individual ones of the cards
in the first and second sets of router cards.

4. The backplane assembly of claim 1 wherein the first
and second signal interface are first and second connectors
to printed circuit boards (PCBS) that are in turn connected
to the first and second set of components.

5. The backplane assembly of claim 4 wherein the signal
conductor assembly comprises a cable of electrical conduc-
tors having end-connectors to engage the electrical connec-

tors at the PCBs.
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6. The backplane assembly of claim 1 wherein third and
fourth signal interfaces comprise fiber-optic connectors, and
the signal conductor assembly comprises one or more fiber-
optic fibers having end-connectors for engaging the fiber-
optic connectors.

7. The backplane assembly of claim 6 wherein the one or
more flbers comprise one or more bundles, ribbons or
cables.

8. The backplane assembly of claim 1 wherein the third
and fourth signal interfaces comprise electrical connectors,
and the signal conductor assembly comprises one or more
cables of electrical conductors having end connectors to
engage the electrical connectors.

9. The backplane assembly of claim 1 wherein the adjust-
ment mechanism comprises telescopic engagement elements
allowing adjustment of separation between the first and
second portions.

10. The backplane assembly of claim 9 wherein the
adjustment mechanism further comprises a locking mecha-
nism for securing the telescoping first and second portions
after adjustment to engage the first and second interfaces.

11. The backplane assembly of claim 1 wherein the
adjustment mechanism further comprises first locating ele-
ments 1n the immediate area of each of the first and second
signal interfaces, and compatible locating elements 1n the
immediate area of the third and fourth signal interfaces, to
physically locate the first and second portions 1 assembly to
the cabinet to engage the first and third and the second and
fourth signal interfaces.

12. The backplane assembly of claim 11 wherein the
locating elements comprise male and female elements for
constraining engagement position.

13. The backplane assembly of claim 1 further comprising
a 1ifth signal interface connected to one or both of the third
and fourth signal interfaces, the fifth signal interface placed
on the backplane assembly to be accessible with the back-
plane assembly mounted to the cabinet, to facilitate connec-
tion of the backplane assembly to a second backplane
assembly having a fifth signal interface and assembled to a
second cabinet, thereby providing signal communication
between components 1n the first cabinet and the second
cabinet.

14. The backplane assembly of claim 13 wherein the fifth
signal interface 1s a connector for connecting one or more
signal conductors.

15. The backplane assembly of claim 14 wherein the fifth
signal interface comprises a fiber-optic connector compat-
ible with a mating connector for one or more fiber-optic
fibers between the backplane assemblies.

16. The backplane assembly of claim 15 wheremn the
fiber-optic fibers comprise one or more ribbons or cables.

17. The backplane assembly of claim 14 wherein the fifth
signal mterface 1s an electrical connector compatible with a
mating connector of an electrical cable between the back-
plane assemblies.

18. A method for connecting a first signal interface
connected to a first set of components 1n a first cabinet and
a second signal interface connected to a second set of
components 1n a second cabinet, comprising the steps of:

(a) preparing a modular and adjustable backplane assem-
bly comprising a first portion mounting a third signal
interface configured to engage the first signal interface,
a second portion mounting fourth signal interface con-
figured to engage the second signal interface, an adjust-
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ment mechanism allowing relative movement between
the first and second portions, thereby between the third
and fourth signal interfaces, while preserving the
modularity of the backplane assembly, and a signal
conductor assembly engaging the third and fourth sig-
nal interfaces to communicate signals between the first

set of components and the second set of components;
and

(b) assembling the modular backplane assembly to both of
the cabinets, with the third signal interface engaging
the first, and the fourth signal interface engaging the
second, the adjustment mechanism allowing the third
and fourth signal interfaces to assume a proper sepa-
ration distance to accomplish engagement of the signal
interfaces.

19. The method of claim 18 wherein one or both of the
cabinets house elements of a packet router, and the first and
second sets of components are router cards.

20. The method of claim 19 wherein the first and second

signal interfaces are groups of connectors for connecting
signal conductors to individual ones of the cards in the first
and second sets of router cards.

21. The method of claim 18 wherein the first and second
signal interfaces are first and second connectors to printed
circuit boards (PCBs) that are in turn connected to the first
and second set of components.

22. The method of claim 21 wherein the signal conductor
assembly comprises a cable of electrical conductors having

end-connectors to engage the electrical connectors at the
PCBs.

23. The method of claim 18 wheremn third and fourth
signal interfaces comprise fiber-optic connectors, and the
signal conductor assembly comprises one or more fiber-
optic fibers having end-connectors for engaging the fiber-
optic connectors.

24. The method of claim 23 wheremn the one or more
fibers comprise one or more bundles, ribbons or cables.

25. The method of claim 18 wherein the third and fourth
signal interfaces comprise electrical connectors, and the
signal conductor assembly comprises one or more cables of
electrical conductors having end connectors to engage the
electrical connectors.

26. The method of claim 18 wheremn the adjustment
mechanism comprises telescopic engagement elements
allowing adjustment of separation between the first and
second portions.

27. The method of claim 26 wherein the adjustment
mechanism further comprises a locking mechanism for
securing the telescoping first and second portions after
adjustment to engage the first and second interfaces.

28. The method of claim 18 wheremn the adjustment
mechanism further comprises first locating elements 1n the
immediate area of each of the first and second signal
interfaces, and compatible locating elements 1n the 1mme-
diate areca of the third and fourth signal interfaces, to
physically locate the first and second portions 1n assembly to
one or both of the cabinets to engage the first and third and
the second and fourth signal interfaces.

29. The method of claim 28 wherein the locating elements
comprise male and female elements for constraining engage-
ment position.
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